Abstract-This paper found rainfall and runoff was in a state of chaos in Poincare section and developed a method for constructing a relationship model of rainfall-runoff based on time series analysis technology. It aimed at estimating and discussing the relationship of rainfall-runoff time series by Euclidean distance (n>2). A linear model was well built to illustrate time-correlation characteristics with the correlation coefficient 0.994, which was able to predict each other by obtaining one rainfall or runoff value. Analytical results verified the accuracy of this model. It is complementary research to our previous work which discussed the special situation (n=2), and the previous work can't be applied to predicting rainfall or runoff. So it was an in-depth study and got improved.
I. INTRODUCTION
In Yunnan province, water shortage and drought have prevailed in four consecutive years. Therefore, it is vital to investigate the time-correlation characteristic between rainfall and runoff to have an effective management and utilization of scarce water resources.
Yuanjiang, Red River Basin is of great importance in Yunnan's water system, whose water pollution, changes of watercourse and hydrologic regime have attracted international attention [1] . Researches of Yuanjiang have been a hot topic in recent years. As we all know, the main source of water resources is Precipitation. Rainfall and runoff is correlated and consistent. The study on correlation is helpful and of great significance for Yunnan's water resource.
Previous studies [2] [3] [4] [5] [6] mainly concentrated on constructing the relational model which involved simulation of runoff in a given rainfall sequence. These studies illustrated that they shared the similar variability. In [7, 8] , plots of standardized runoff and rainfall per basin revealed similar variability. In [9, 10] , although rainfall and runoff trends were similar on the whole, the correlation coefficient of rainfall and runoff showed some fluctuations [11] .
Our previous study was about the relationship model based on Euclidean distance (n=2) [12] , it demonstrated time-correlated characteristics of rainfall and runoff in Yuanjiang, Red River Basin, and presented a detailed evaluation of the time correlation of rainfall-runoff similarity. Rainfall-runoff similarity analysis was used to determine the optimal similarity. The results showed that a time-correlated model was found to be capable of well predicting the rainfall-runoff similarity in the Yuanjiang, Red River Basin. Based on preliminary research had limitations, a method with Euclidean distance (n>2) for analyzing time-correlated characteristics was proposed. It was complementary research to our previous work. A linear model was well built to illustrate time-correlation characteristics with the correlation coefficient 0.994, which was able to predict each other by obtaining one rainfall or runoff value. Thus, it is comprehensive and meaningful to construct relationship model of rainfall and runoff.
Our main contributions are as follows: 1. We found the rainfall and runoff was all in a state of chaos in Poincare section.
2. We constructed a relationship model based on Euclidean distance (n>2) between rainfall and runoff. The goodness of fit of new model was higher than that of previous one. 3. This method could predict the other value by obtaining one rainfall or runoff value.
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III. MODELING

A. Euclidean Distance
Euclidean distance is a common model to measure absolute distance between the respective points in the multidimensional space. The smaller the distance is, the higher the degree of similarity is. It represents the real distance between two points in the n-dimensional space. While n=2, the Euclidean distance is the straight-line distance between two points [12, 16] . Where d is the value of Euclidean distance, and 1 1 2 2 , , , x y x y represent horizontal and vertical coordinate values of two different points.
Each point X can be expressed as 1 2 ( , )
…… is a real number and it refers to the n-th coordinate of X. The distance between 1 2 ( , , , )
, and is defined as the following equation [17] .
B. Data Processing
The rainfall and runoff in Yuanjiang, Red River Basin from 2001 to 2010 were obtained. In order to reflect real trend of hydrological data, the noise was eliminated by wavelet analysis [9, 10, [12] [13] [14] . We defined Signal-tonoise ratio (often abbreviated SNR)
X represented the vector signal, and the XD indicated the de-noised version of input signal. By selecting different parameters in wavelet function, a higher SNR was determined. The SNR of rainfall time series was 18.31, and the other was 64.25.
Obviously, rainfall and runoff presented periodic change [11, 18] . But runoff values showed oscillation and instability, which indicated that runoff was influenced by some factors such as vegetation coverage and evaporation capacity [18] .
Then this torrent of data was observed in Poincare surface of section, the trajectory of all points was shown in Figure 2 . The movement characteristics of these points were obtained from Fig.2 , points of density were patchy in Poincare section and they had obvious hierarchical structure. Therefore, rainfall and runoff was in a state of chaos.
Because it was hard to calculate with these data, and the total annual data as a unit was more convenient.. The real total annual data was shown in Table I .
Then these data were shown in Fig.3 in order to be more intuitive.
An interesting phenomenon was found: the annual rainfall and annual runoff demonstrated similar change trend. Besides, the correlation coefficient between rainfall and runoff was 0.906. For this reason, the time-correlated characteristics were worth studying.
C. Model Construction based on Euclidean Distance (n>2)
Although rainfall-runoff modeling involves many methods [18] [19] [20] [21] [22] , a model based on the above methods is to be constructed in this paper. Detailed steps as follows:
Step one: a normalized data from 10 years of annual rainfall values was obtained by a linear transformation:
Y=20X-100 (4)
Step two: data calculation of the ten-year rainfall and runoff, as shown in table II. Step three: calculation of the consecutive years' Euclidean distance by adopting Euclidean distance (n>2) formula. The specific process is shown as follows: Step four: the above data were superimposed and results were shown in table III. The above data were illustrated in Fig.4 , and the goodness of fit 0.994 was obtained by linear fit with least square method.
Four steps were calculated with MATLAB 7.0, detailed code was as follows. A model of rainfall-runoff similarity in Yuanjiang, Red River Basin was determined. The formula was as follows.
y a x b = × − (5) Then parameters' sensitivities on the results were taken into consideration. In case of data (9 years), where a=2689, b=5370100；While in data of 8 years, where a=2724, b=5440000. So, the parameters of the model showed some fluctuations clearly.
D. Discussion about Euclidean Distance (n ≥ 2)
It's believed that the similarity of rainfall and runoff still exist in other regions [2] [3] [4] [5] [6] [7] [8] [9] [10] . Although this paper focused on Yuanjiang, Red River Basin, this method could be applied in different fields. The parameters would have a difference accordingly. This accuracy of model could be verified by using the data of 2010. The Euclidean distance value of y with above formula was 34701, while the correct Euclidean distance value of 2010 was 32755.54. However, an accumulated error from 2001 to 2010 was obtained, and the annual error was 194.55. The relative error rate was acquired by the following formula. Where ω is the relative error rate, λ predicted value andθ actual value [15] .
-
After calculation, the error rate was 0.59%. This method could predict rainfall and runoff as well. 
If only one rainfall or runoff value was obtained, other data could be derived with the help of formula (7). The value of rainfall in 2010 was 774.05, while the true value was 519. Because of an accumulated error from 12 months, the monthly error rate was 4.1% after calculation through (6) .
In our previous work, the relationship model of rainfall-runoff was based on Euclidean distance (n=2), and the goodness of fit was 0.982. In addition, an interesting and stable trend was found in table IV. It is seen that corresponding constraint condition was a range or interval in even-numbered years, and for the odd-numbered years, the corresponding constraint condition was just the boundary value of range. This regularity was discovered. But it was still difficult to predict. Therefore, the range of constraint condition in 2010 wasn't obtained accurately [12] . On the premise of the 2010 rainfall value, the runoff value was to be calculated with the model. Suppose runoff value of 2010 was b+s. MinΦ 2010 = |Q|+ |Q+c 1 |+……+|Q+c 9 |+|Q+c 10 |, (2)+c (3)+c (4)+c (5)); >> d(6)=sqrt(c (1)+c (2)+c (3)+c (4)+c (5)+c (6)); >>d (7)=sqrt(c (1)+c (2)+c (3)+c (4)+c (5)+c(6)+ c (7)); >>d(8)=sqrt(c (1)+c (2)+c (3)+c (4)+c (5)+c (6)+c (7)+c (8)); >>d(9)=sqrt(c (1)+c (2)+c (3)+c (4)+c (5)+c (6)+c (7)+c (8)+c (9)); >>d(10)=sqrt(c(1)+c (2)+c (3)+c (4)+c (5)+c (6)+c(7)+ c(8)+c (9)+c (10) differed in different conditions. Based on previous work, this latest research made the goodness of fit improved by Euclidean distance (n>2). It can better measure relationship between rainfall and runoff. In addition, it can predict rainfall or runoff value very accurate, which is a breakthrough. IV. CONCLUSION
In this paper, it was found rainfall and runoff was in a state of chaos in Poincare section and a relationship model of rainfall-runoff similarity analysis was presented. Firstly, the normalized rainfall and runoff values were obtained by a simple linear transformation. Then the time-correlated characteristics between rainfall and runoff were explored. A model for illustrating rainfall-runoff relationship on Euclidean distance (n>2) was built. Original time series of Yuanjiang, Red River were used in this method. New data verified this new model. Results showed that the relationship between rainfall and runoff was of better time-correlated characteristics with a higher correlation coefficient. Besides, this method can well predict the other value through obtaining one rainfall or runoff value. The previous research which based on Euclidean distance (n=2) could not be applied to predicting rainfall or runoff, and the goodness of fit was 0.982. This latest research was a complementary and in-depth study. In this new model, the goodness of fit reached 0.994, which was better than the previous model. Therefore, this research was breakthrough for the research of time-correlated characteristics on rainfall-runoff.
Studying on time-correlated characteristics between rainfall and runoff in Yuanjiang, Red River Basin was of great significance. According to the research results, the relationship of rainfall-runoff always followed a linear distribution, and the next annual relationship of rainfall-runoff could be predicted. In particular, the relationship reflected the impacts of external environmental changes on hydrology and water resources system. In addition, another value can be obtained by one rainfall or runoff. It is conducive to protecting, exploiting and utilizing water resources, and providing reference to controlling floods or droughts.
The rainfall-runoff similarity also existed in other regions. Although this paper investigated Yuanjiang, Red River Basin, this method also could be applicable to the calculation of rainfall-runoff time-correlated characteristics of other regions. The model parameters were different accordingly. In a word, this research is of great significance. 
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